Abstract. This paper expounded a full digital processing method of FOG using field programmable gate array FPGA as the logic circuit to accomplish digital signal processing. The ladder wave feedback of square wave modulation and digital signal through D/A converter transmit to the sum of A multifunction integrated optical chip arm on the one hand, to greatly improve the speed and reliability of FOG, on the other hand, reduces the volume of the gyro, reduction in weight. As a new type of all solid state inertial instrument without moving parts, FOG is usually used for navigation and guidance purposes. As angular rate sensor, it can also be used to control cars, robots and so on. Fiber optic gyroscope can not only measure angular rate accurately, but also provide direction data by integrating angular rate. Optical fiber gyro has been widely used in aviation, aerospace, navigation, weapons and other industrial fields. The most widely used in fiber optic gyro is interferometric fiber optic gyro, its working principle is: from the common light source of two coherent light located on the rotating carrier through a closed optical path system, travels along two opposite directions, the two direction of transmission of light waves with different optical path difference, the optical path difference to produce a phase difference, people by interference method and modem technology to detect the phase difference, which can measure the carrier's rate of rotation. This non-commutative phase difference was first proposed by the French scientist Sagnac in 1913, and is therefore called Sagnac phase shift.
At present, the interferometric FOG mainly consists of open-loop FOG and closed-loop FOG.
The open-loop fiber optic gyroscope was designed with a standard type all fiber the minimalist configuration light path, in the light path modulator used piezoelectric ceramics (PZT) is used to stretch fiber ring and affect the zero bias modulation and demodulation after the output is a representative of the speed open-loop numerical, this kind of open loop system using PZT modulator, due to the eigen frequency modulation frequency much lower than the fiber coil, unable to get the biggest signal strength, on the other hand gyro without work in the most sensitive zero, thus achieve the precision is low.
The basic principle of the closed-loop fiber optic gyroscope is introduced artificially in the optical fiber ring a nonreciprocal compensation phase shift, to offset the Sagnac phase shift due to optical fiber ring rotation, to compensate the phase shift and Sagnac phase shift are equal in size, in the opposite direction, fiber optic gyroscope zero bits almost always work in the most sensitive, near the gyro output signal (speed) can be obtained from phase shift compensation, at this moment gyro dynamic range depends on the phase shift compensation device performance, compared with the open-loop gyro, closed-loop fiber optic gyroscope to expand the linear dynamic range, improve the bias stability.
In terms of circuit realization, closed-loop FOG can be divided into analog closed-loop and digital closed-loop according to the difference of demodulation method and control waveform of phase modulation.
Analog closed-loop fiber optic gyroscope sawtooth wave feedback is used to realize phase compensation, it requires feedback sawtooth wave is very short, and the stability of the flyback time, in order to improve the stability and scale factor linearity, but in the specific implementation, as a result of the sawtooth flyback nonlinear and 2 PI reset time and oblique wave, the influence of accuracy in fiber optic gyro scale factor linearity and stability has been curbed, simulator circuit composed of adjustment difficult at the same time, the consistency is poor, so at home and abroad generally phase compensation is realized by using phase wave feedback digital closed-loop scheme.
All Digital Closed-Loop Processing
Based on FPGA digital closed-loop fiber optic gyroscope, is composed of light path and circuit part, part of the light path by a broadband light source, optical coupler, photoelectric detector, multi-function integrated optical chip and fiber coil, light from a broadband light source, after fiber coupler and multifunction integrated optical chip is divided into two beams, respectively according to clockwise and reverse time direction along the fiber optic transmission coil, and the Y branch of multifunction integrated optical chip of interference phase difference on spot, the phase difference by multifunction integrated optical chip after modulation and feedback through the optical fiber coupler, arrived after photoelectric detector;
The circuit is composed of amplification and filtering circuit, A/D conversion, logic circuit and D/A converter. The amplification and filtering circuit preamplifies and strobe filters the output modulation analog signal of the photodetector and sends it to the logic circuit for processing after the analog-to-digital conversion through A/D converter. Its features are as follows: FPGA is used as the logic circuit to complete the digital signal processing. The sum of square wave modulation signal and digital phase step wave feedback signal generated by FPGA is input into the gain control circuit through A D/A converter. The gain control circuit adjusts the gain amplitude and adds it to the arm of the multifunctional integrated optical chip. See the fig.1 . When a broadband erbium-doped optical fiber source (SFS) of 1.55um is used, the optical fiber coil needs to adopt a large diameter ring and a long polarization-maintaining fiber (generally over 1000km).
SFS is selected because it has high enough power to provide output power greater than 4mw in the case of reduced use (in order to maintain a long life), so that the noise value of shot noise and photodetector can meet the needs of low-angle random walk (ARW).
Fiber coupler adopts polarization-maintaining fiber coupler. Fiber coils are polarization-maintaining fiber coils. The photodetector adopts Zn/gaas-pin /FET photodetector. Multifunction integrated optical chip adopts double Y type multifunction integrated optical chips, it is to integrate the figure fiber coupler to the integrated optical chip that constitute the double Y multifunction integrated optical chips, the structure features are: in order to avoid the Y branch on the fourth port (substrate) radiation, by using a polarization maintaining fiber as a spatial mode filter Gyro digital output message 号 connected to the two branches of the Y waveguide, polarization-maintaining fiber with lithium niobate waveguide coupling surface according to the law of reflection and polishing with a certain Angle, to reduce the coherence of back reflection noise, two branches of the Y in lithium niobate substrate parallel arrangement (direction), shorten the device length, easy to miniaturization. In fact, the size of dual Y and single Y multifunctional integrated optical path is the same, only 35x10x5mm, but its advantages are: high integration, simple structure, conducive to mass production and reduce costs, moderate accuracy, suitable for the application of small strapdown combined system.
The FPGA logic circuit is mainly composed of digital demodulation, adder, storage, rate registers, adder, storage, adder, crystals, frequency divider, including digital demodulation, adder and memory to complete the multifunction integrated optical chip output error signal of digital modulation circuit integral function, produce digital phase step wave height. Registers, adder and storage after completion of signal of digital circuit integral quadratic integral, produce the ladder wave, digital phase adder will crystals and frequency divider square wave modulation signal as bias modulation and digital phase after the ladder wave superposition of a multi-function integrated circuit chips arm, make the clockwise and anti-clockwise light waves in optical fiber coil produces a fixed phase difference (equal to the height of the ladder wave), offset caused by the rotation Sagnac phase shift, fiber optic gyro near zero bits almost always work in the most sensitive, increase the scale factor of fiber optic gyro stability and dynamic range. At the same time, the digital output of the loop integral rotation rate is stored in the rate register as the output value of the gyro.
All Digital Closed-Loop FOG Phase Modulation Method
There are two basic problems in the phase modulation of FOG: one is the signal-to-noise ratio problem, and the other is the rectifier effect caused by the electronic coupling of the modulating signal. It is well known that rotational sensitivity is proportional to the output response.
In the work of electric slope P 0 sinφ 0, on the other hand, the photon shot noise is proportional to the probe to receive the light power actual root also , namely from theory isφ 0 = π, can obtain the best test results.
Since φ 0 = πcorresponds to the dark streaks of interference fringes and other noise is present in the path, the best operating pointφ 0 is usually located between π/2 and π.
For current FOG systems, a typical value isφ 0 =2π/3.Therefore, by selecting the appropriate modulation amplitude (over modulation), the signal to noise ratio of the gyro can be improved and the random wandering of the system can be reduced. On the other hand, in order to eliminate the electronic coupling problem of the modulation signal, square wave modulation can beπ/2 (or2π/3) and has the same function of another point 3π/ 2 modulation combined into a certain or random waveform, in does not affect under the condition of modulation, eliminating the usualπ/2 or 3π/2 most of the modulation coupling rectification error, may reduce the empty of gyro and dead zone.
As shown in figure 2, figure 3 , added to the integrated optical chip signal on the phase modulator in the square wave modulation signal and duration for τ digital phase voltage value of the sum of the staircase and 2πreset error control signal Φ RS . Square wave modulation signal for frequency is 1/2τ, modulation amplitude is 2/π, or 2π/3, or by their composition of a certain or random sequence, wherein τ is the transmission time of fiber coils, 1/2τ is called the intrinsic frequency of fiber coils. When τ is equal to the optical wave transit time in the fiber coil, in the opposite direction in the optical fiber coil transmission between two optical waves produce equal phase difference and phase step height, to offset the Sagnac phase shift Φ S caused by rotation. 
Summary
This method of digital closed-loop fiber optic gyroscope, is composed of light path and circuit part, part of the light path by A broadband light source, optical coupler, multi-function integrated optical chip and fiber coil, part of the circuit is amplified filter circuit, A/D conversion, the FPGA logic circuit, D/A converters, such as, on the one hand, to greatly improve the speed and reliability of gyro, on the other hand, reduce the volume of A gyro, weight, especially can satisfy the requirement of high precision.
